On her marriage certificate, her father is described as Archibald John Hanbury Cameron, commercial traveller; her mother was Anne Greene. She was married in the Baptist Church at Dalston Junction, aged twenty-three, and was herself a Baptist who brought up her children strictly as far as possible, to follow her. In early life, however, she had roamed the back streets of Islington and picked up a little French and German, more Italian, and a lot of music hall songs. Once, she had got herself a job as a waitress in an Italian restaurant while her father was abroad-he was a traveller for a wine merchant. When he returned, he was horri fied and took her away and apprenticed her to a shirt maker. There she was rapidly promoted to be a cutter, since it was discovered she could get more garments out of a roll of cloth than any other worker. But she missed the Italians, who treated her like a daughter. In her old age, when she lived with the Lonsdales, and her mind was wandering, she would often sing to herself Italian songs learnt long ago.
Almost nothing is known about Kathleen's relations on her father's side. Her mother's relations and her own brothers and sisters, she described as capable business people. Her eldest brother, Fred, won a scholarship from school, but money was then so short in the family, his parents could not allow him to take it up; he had to start earning to help to keep the family going-as, indeed, did all the other four children, until Kathleen, the youngest, was reached. Fred, in the end, had a very successful career as one of the first wireless operators in 1910. He received the last signals from the ill-fated Titanic in 1912. Later he established one of the first schools of wireless telegraphy in the north of England.
Kathleen's earliest 'and very faint' memories were of attending the Church of Ireland service on Sunday mornings in Newbridge and the Methodist Sunday School on Sunday afternoons-which had the great advantage that the children had a very wide circle of friends. She also remembered being very happy at the village school, learning to count with yellow balls. But her mother was much worried by the stormy state of Ireland and decided to bring the children back to England in 1908. They settled in Seven Kings, Essex.
Kathleen attended Downshall Elementary School, Seven Kings, from 1908 to 1914, and then won a County minor scholarship which took her to the County High School for Girls at Ilford from 1914 to 1919. She delighted in school, had many friends, was a good gymnast, played games and rambled often, alone or with her friends, in the country. Since there were no classes in these subjects in the girls' school, in her last two years she went to classes in physics, chemistry and higher mathematics at the County High School for Boys, the only girl to do so at that time. She worked very hard, being helped by the kind of memory that could retain almost anything verbatim over a limited time. As an exercise she sometimes made herself write a whole sermon lasting thirty minutes, word for word, from memory. She was awarded a County major scholarship on the results of the Cambridge Senior local examination, in which she had distinctions in English, French, history, geography, botany and mathematics, and the Royal Geographical Society's medal for the highest marks in the geography and physical geography papers.
The Essex Education Authority offered to increase her County scholarship if she would stay on at school and try for Cambridge University. But Kathleen was anxious to go as quickly as possible from school to university. Her mother took her for interviews to Bedford College for Women in London. Professor Hilton (he later changed his name to Simpson), then Professor of Mathematics, remembered long afterwards (in 1972) how her mother had wept tears of joy when he said that Kathleen might enter at the age of sixteen. Kathleen herself has written a few notes about her time at Bedford. She was secretary of the Music Society and coxed the college eight. She gained a University scholarship at the end of her first year and decided to change from mathematics to physicsvery much against all advice, and particularly that of her old headmistress, who warned her that she had little chance of distinguishing herself in that subject. The reason Kathleen gave for the change was that she was afraid that the only career open to her as a mathematician would be teaching and she felt very unwilling to undertake this; besides, she liked the experimental side of physics. Later, she wrote: 'I rather suspect that my relationship with some of the students taking physics and my affection for some of the physics staff may have had a stronger influence on my decision than I would have admitted.' Her professors were first Dr Womack, whose special subject was geometrical optics, and after his death, Professor W. Wilson, F.R.S., a theoretical physicist. She wrote: 'He covered a tremendous amount of ground during the one year in which he taught me.' She was one of only two students of physics in her final year at Bedford College.
Kathleen justified her choice of physics by heading the University list in the honours B.Sc. examination in 1922, an achievement which brought her to the notice of W. H. Bragg, one of the examiners. W. H. sent for her and offered her a place in his research team at University College London, and a D.S.I.R. grant of .£180 a year. It was luxury to her and she jumped at it. She lived at home and contributed substantially to the family expenses.
Kathleen wrote in her record of W. H. Bragg: 'He inspired me with his own love of pure science and with his enthusiastic spirit of enquiry and at the same time left me entirely free to follow my own line of research.' He advised her that it would take her some three months to collect the apparatus together with which she could study crystal structures-including an ionization spectrometer, to be constructed in the workshop, and a gold leaf electroscope-and that she should put it together all by herself. He encouraged her to choose as her problem the structure of some organic compound and while she was thinking about her problem, to read Professor Hilton's book on mathematical crystallography. Kathleen had not realized Professor Hilton was interested in geometrical crystallography. She found the book fascinating and set out with W. T. Astbury, another research student, to relate Hilton's account of space group theory to the phenomenon of X-ray diffraction of crystals. It was Astbury who suggested the first of the organic crystals she began to measure, succinic acid.
In 1923 W. H. Bragg moved to the Royal Institution, taking Kathleen Yardley with him. There he assembled a very happy international group of young beginners, which included Astbury* and Bernal from Cambridge, Patterson from Canada, Orelkin from the U.S.S.R., Matthieu, Ponte and Weiss from France, Burgers from Holland, E. G. Cox from Bristol and J. M. Robertson from Glasgow (plate la). They shared and criticized each other's ideas, talked politics and religion as well as science, and played table tennis-international matches-in the basement.
In 1927, Kathleen Yardley married Thomas Jackson Lonsdale and moved to Leeds, where Thomas had a job as an assistant with the Silk Research Association, then housed in the Textile Department of the University of Leeds. He was the son of James Jackson Lonsdale (D.Sc. Dunelm.), senior science master at the Sloane School, Chelsea, and an early research worker on gaseous ions. Kathleen had met Thomas when he was a fellow research student at University College; he was working with Professor A. W. Porter then, on an engineering problem on the flow of water in pipes, and he helped Kathleen to put her apparatus together; he was very good with soldering irons and showed her how to use them. (He proposed to her by letter and when he received her reply accepting him he was so very happy he dried his face on a clean shirt hanging up instead of a towel.) She did think of giving up scientific research on marriage and settling down to become a good wife and mother, but Thomas would have none of it; he had not married, he said, to get a free housekeeper. They went shopping together, once a week, for supplies and Kathleen specialized in meals that took thirty minutes to prepare. Thomas set up some apparatus of his own design at home, with which to measure the torsional properties of annealed metal wires for his Ph.D. degree; while he experimented in the evenings, Kathleen did calculations. In 1929 their first child, a daughter (Jane), was born. Soon afterwards, the family returned to London where Thomas obtained a post at the Road Research Laboratory. Their second daughter, Nancy, was born at Windsor in 1931, and their son, Stephen, at Harmondsworth in 1934.
The brief period at Leeds was scientifically very fruitful for Kathleen. Professor Whiddington had worked on X-rays long before with W. H. Bragg, though now he had different interests. He welcomed Kathleen to the Department of Physics and arranged a part-time demonstratorship for her to supplement the Amy Lady Tate scholarship she had been awarded by Bedford College, 1927-29. She bought a new ionization spectrometer and electroscope with a grant of ,£150, given her by the Royal Society, and set these up, again on her own. Her record contains the receipted invoices, carefully preserved, and also a letter from the Society acknowledging the return of the balance of the grant. Professor C. K. Ingold, then Professor of Chemistry at Leeds, offered her beautiful crystals of hexamethylbenzene. This was the first and most important crystal structure she solved correctly; she established clearly that the benzene ring was flat and defined fairly closely its dimensions. She followed this analysis with one of hexachlorbenzene, less complete, but important as the first investigation of an organic compond in which Fourier analysis was used (plate lb). Most of the calculations had to be done at home (some in childbed) by hand. The Managers of the Royal Institution, at Sir William Bragg's suggestion, assisted her by supplying a grant of £50 to enable her to employ a daily help in the house after the birth of her first child.
Her return to London interrupted her experimental work. For a time, she continued work on calculations at home, following her own experience in struc ture analysis by deriving the structure factor formulae for all space groups. Then in 1931 Sir William Bragg wrote: 'A piece of good news! Sir Robert Mond is giving me £200 with which you are to get assistance at home to enable you to come and work here. Can you come and see me soon ?' Kathleen did some hasty sums which are recorded in the memoir she wrote for Fifty years of X-ray diffraction. These showed that it would cost £277 per annum to replace her in the home. She wrote: 'I think he got me £300, but by now my careful keeping of weekly accounts was going to the dogs and I have no record of my exact salary'. She returned to the Royal Institution and stayed there for the next fifteen years, at first as research assistant to Sir William Bragg, on grants and fellowships which were renewed from year to year, rising slowly to £400 a year. After his death in 1942, she remained at the Royal Institution with Sir Henry Dale, becoming Dewar Fellow .
At the end of the war Kathleen Lonsdale was encouraged to think of academic work. She applied for the newly vacant Chair of Physics at Bedford College, but withdrew from the election when she realized how much teaching would be required of her. Very soon afterwards, in 1946, she was appointed Reader in Crystallography and in 1949 Professor of Chemistry and Head of the Department of Crystallography in University College London. Only then, at the age of forty-three, did she begin to take part in university teaching and the development of her own research school.
In the years she spent at the Royal Institution her research interests became quite diverse. She made measurements and calculations on magnetic anisotropy, largely in collaboration with Professor K. S. Krishnan, who twice visited London and lodged for a time with the Lonsdales.* She became interested in thermal diffuse reflections first from some photographs of benzil taken by Dr Ellie Knaggs and later from observations on different types of anomalous scattering observed in diamond by Raman and Nilakantan. Her interest in these phenomena led to an interest, on the one hand, in X-ray work at different temperatures and the thermal motion of atoms in crystals and, on the other, in ways of investigating the texture of crystals, such as the use of divergent beam X-ray photography. All these subjects she continued to investigate with the *It was Krishnan's example that encouraged Kathleen Lonsdale to become a vegetarian, though she did not actually give up meat altogether till much later, after a lecture by a vegan, Donald Cross. students who came to her at University College and she added more-widely different again-solid state reactions, pharmacological properties and the crystal structure of methonium compounds, the constitution of bladder and kidney stones.
Parallel with her very active scientific life, Kathleen Lonsdale led other, equally absorbing, lives. Her opposition to war began to form during her childhood in the 1914-18 war. Her home lay on the Zeppelin route. Kathleen remembered often doing her homework with a candle under the dining room table, or in the early hours of the morning on account of air raids. Once, when a Zeppelin was shot down in flames, her mother burst into tears and the children looked on in amazement as she said: 'Oh, the poor men, the poor men.' 'But, mother,' we said 'they are Germans.' 'Yes, I know', she replied, 'but they are boys.' Kathleen began to wonder then if war could ever be justified. One of the boys at the church she went to became a conscientious objector. Another, too sensitive, joined up, went mad and died insane. Her sister's fiance was killed in France.
Some of her early memories were of despair over her own religious doubts. Her upbringing by her mother as a strict fundamentalist Baptist conflicted with her natural scientific attitude of scepticism. She greatly loved and admired her mother but could not wholly follow her as she grew up. When Thomas came courting, the two of them went together to sermons in different churches every Sunday, and particularly to J. B. Phillips at the Bloomsbury Tabernacle, to help to resolve their problems. They found their natural home in the Society of Friends through friends they made in Leeds. Their first lodging was with a Congregational minister called Plowright, whose daughter had married a Quaker called England. Both he and his brother had been conscientious objectors between 1914 and 1918 and imprisoned; his brother had died as a result of his prison experiences. The Englands introduced Thomas and Kathleen to various kinds of work the Quakers were doing, particularly in South Wales, at the time of the Depression. Thomas visited the Quaker allotment scheme in the Rhondda Valley for unemployed miners and subsequently lectured on it. On their return to London, the Lonsdales began to go to the Uxbridge meeting. They had a rather large house and made the top floor into a flat where they took in families of refugees from Germany, sent to them through Mrs Cadbury (Tessa Rowntree). The Society of Friends strengthened Kathleen in her conviction that war was totally evil.
When World War II actually began in 1939, her children were nine, eight and five, so that she was nominally exempt from all war duties but required to register both for employment and for civil defence duties. This seemed to her an impossible thing to do; there was no clause allowing for conscientious objection.
It took the authorities some time to get round to the fact that Kathleen Lonsdale had not registered. When it was brought to their attention, she was summoned and a small fine, £2 , was imposed. She refused bitterly that she made things very difficult for them, the magistrates committed her to Holloway gaol for one month. She has left the whole episode very fully documented, including small worried queries of her own-'Do the police come for one or do I just have to go to prison by myself ?' Afterwards she wrote that she was scared so stiff beforehand that prison itself came as something of an anticlimax. All the same, it was pretty horrid. All her belongings were taken away on arrival, including her comb, and she was put into very deficient, not very clean, prison clothes and, after a sketchy medical examination, locked in a very dirty cell. The main work she was put to was scrubbing and cleaning in the prison officers' quarters. She collapsed under one heavy load and her work was then lightened. Sir Henry Dale wrote and asked if she might have scientific papers and instruments to work with in her cell in the evenings and this was permitted. The papers were mainly concerned with anomalous reflexions. There is a very nice letter to her, in her files, from 'Smithy', the head laboratory technician at the Royal Institution. It reads: 'Dear Mrs. Lonsdale, Sir Henry Dale asked me to pack these papers and instruments for you and I am doing so, hoping they will arrive safely. I am looking forward to your return a few weeks hence and, in the meantime, I hope, with these computations to go on with, life will not be too boring. I have had the news from Dr. Lonsdale, mean time nothing exciting happens here. Things pursue the even tenor of their way. All the best. Very sincerely, H. E. Smith.' The date was 2 February 1943.
Kathleen did not find life boring. She found it very absorbing, talking to the other prisoners about their lives and crimes, though she thought it undesirable that all sorts of prisoners should be mixed up, as they were then, together. Many of the prisoners and some of the officers were very kind to her. She liked to tell how one fellow-prisoner advised her not to leave anything lying about: 'There are thieves, dearie, even in here.' At the end of her time, at his request, she wrote to the Governor, Dr Matheson. She thanked him first for letting her have her papers, commenting that as she managed to do 'about seven hours each day of really concentrated scientific work, other prisoners must have had a good deal of empty time on their hands'. She went on to discuss cell lighting-a difficult problem owing to the blackout-and finished with detailed suggestions for cleaning up the prison and improving the prisoners' lives, particularly allowing them some of their own belongings, including their combs and hand kerchiefs. Many of the changes she suggested have been made since, further encouraged by herself when later she became a prison Visitor.
Thomas Lonsdale later said that going to prison was the single most formative experience in Kathleen's career. After it she found that she could talk to anyone about anything. 'Before prison it might have bothered her to go to Buckingham Palace. Afterwards, Holloway or Buckingham Palace were all the same.'
In the same year that she went to prison, 1943, Kathleen Lonsdale received the first of many invitations to take part in scientific meetings abroad, to the Institute of Advanced Studies Summer School in Dublin. It was a remarkable occasion. The main subject was the thermal vibrations of atoms and molecules in crystals. Theoretical lectures were given by Max Born and P. P. Ewald, as background to phenomena described by Kathleen Lonsdale. The lectures were held under the chairmanship of Erwin Schrodinger and were attended through out by the Taoiseach, Eamon de Valera. After the meeting Kathleen paid a brief visit to her birthplace.
Astbury once told me that he had first suggested that Kathleen Lonsdale should be a Fellow of the Royal Society soon after his own election in 1940. Her work on thermal vibrations greatly strengthened the case for her election and in 1944 she was formally nominated, together with Marjory Stephenson. Sir Henry Dale, then President, consulted her about her nomination-and asked if she was willing for it to go forward. She replied: 'Not if it means dissension among the Fellowship.' He assured her that her election would almost certainly be very welcome; this was verified through a postal vote to the Fellows who approved, by a large majority, statutes making clear the eligibility of women for election. So on 22 March 1945, Kathleen Lonsdale and Marjory Stephenson were together the first women to be elected into the Fellowship; they were admitted on 17 May 1945.
Biographical Memoirs

S c ie n t if ic w o r k
It seems appropriate here to describe in some detail her scientific work under the headings she herself listed.
1. Mathematical crystallography and space group theory in relation to the structure analysis of crystals At the beginning of this century there was considerable interest in the struc ture of crystals and particularly in the mathematical theory of the 230 space groups developed by Schoenflies, Federov and Barlow (witness the British Association meeting in 1901). Henry Miers, the Professor of Mineralogy and Crystallography at Oxford, suggested to Harold Hilton, who was then a young mathematical tutor at Magdalen College, that he might write an English account of these theories for the use of students. Hilton's book, published in 1903, provided a mathematical derivation following largely Schoenflies, and pictures, following largely Federov, which show the symmetry elements in each of the 230 space groups. He did discuss the relevance of the theory to the arrangement of atoms and molecules in crystals and drew some pictures of imaginary mole cules in imaginary arrangements. He did not, however, give equivalent positions for points within each group. At the time that Kathleen Yardley was his student at Bedford College he himself was interested in other fields of mathematics, so it was left to W. H. Bragg to bring the book to her attention when first she came to work with him at University College.
The first crystal structures were solved by W. L. Bragg in 1912 without the assistance of space group theory. Nishikawa in Japan in 1913 appears to have been the first crystallographer to consider its use in X-ray analysis and to work out in some detail tables for structure determination. These he brought to W. H. Bragg when he visited England in 1921. Bragg put them away in a drawer and appears to have forgotten them: he had little use for structure theory in his own work, preferring a direct approach in each case. They may, however, have prompted him to suggest the study of Hilton's book to his students in 1922. Space group tables were independently developed by P. Niggli (1918 Niggli ( , 1919 and, through Nishikawa's influence, by R. W. G. Wyckoff (1922) . Kathleen Yardley and W. T. Astbury, with whom she joined forces, had not read any of these works and so, again independently, they set out to show how the study of the character of X-ray diffraction patterns from a crystal could define, within narrow limits, its space group. They each in parallel worked out the conditions governing the appearance of X-ray reflexions for every space group and they devised drawings based largely on Hilton's drawings. In these, they illustrated the relative positions of equivalent points by small arrows within the field of the symmetry elements of each group. From the drawings it was easy to follow why molecules related by certain symmetry elements, such as glide planes and screw axes, caused the 'extinction' of certain classes of X-ray reflexion. They tabulated the 'extinctions' that could be observed and the consequent space group deduc tions. They also discussed the operation of space group symmetry elements in different types of crystal, ionic and molecular.
The paper Astbury and Yardley produced, 'Tabulated data for the examina tion of the 230 space-groups by homogeneous X-rays', is severely practical, designed to enable beginners to make a good start in X-ray analysis. W. H. Bragg was persuaded with some difficulty by its very young authors to submit it on their behalf to the Royal Society in 1924. However, it proved so very useful-it still is-that it is one of the few papers in the Philosophical Transactions to have been reprinted.
Soon after the appearance of this paper, in 1929, P. P. Ewald called a meeting in Zurich of the different international crystallographers interested in X-ray analysis and space group theory, to pool their ideas and to compile more exten sive tables for crystal structure determination. Ewald was the chairman and Bernal the secretary of this meeting. Astbury and James were other British representatives. There was considerable conflict over space group representation (Niggli at one moment pounded the table and said: 'Gentlemen, you are stealing my tables'); in the end, compromises were effected. Astbury-Yardley gave up their original representation (of which they were naturally fond) and so did Niggli, in favour of the Hermann-Mauguin scheme. A number of new tables were devised. Kathleen Lonsdale was one of the editorial group, which included Hermann, Wyckoff and Niggli, who designed the data to be associated with each space group. Since she was by then involved in an actual crystal structure analysis, Kathleen provided the formulae appropriate for the structure factors of every space group. At that time she was working largely at home. In the notes she made in 1945, she records: 'I was visited twice in my home, by the Assistant Editor, Dr. Carl Hermann, who is now (1945) in prison in Germany as a Quaker and pacifist opponent of the Nazi regime. A very fine man. ' In the International t a b l e s , volume I, published in 1935, only a summary li of structure factor formulae could be given for each group. Kathleen had necessarily derived further relations, useful in structure analysis, governing both structure factor and electron density calculations. These she wrote out in her own beautiful clear handwriting in a book published in 1936 by a photo lithographic process to avoid misprints. It is still in constant use.
After the war, the 1935 International tables were passing out of print. (It was reprinted by photo-offset in 1944.) It was decided by the newly formed Inter national Union of Crystallography at its first meeting in 1948 to undertake the preparation of a new series. Kathleen Lonsdale was chosen to be the first Chairman of the new Commission on Tables, and from then on devoted much energy to this work.
Kathleen Lonsdale really only liked to publish things that she had worked on herself and in those days it all had to be done by hand. When decisions had to be taken she would do so only after careful scrutiny of the problem and full consul tation with her colleagues. She worked hard all the time and if any collaborator failed to meet the deadline, he got a somewhat censorious, but always friendly, look at the next meeting. As a result of her driving and skilful management the first volume of the next edition on symmetry, in which everything had been worked out afresh, appeared in 1951. It occupied 558 pages, compared with the old Astbury-Yardley paper of 36 pages, 19 figures. Each space group was given a single page and the monoclinic space groups two each, following decisions taken at the 1951 International Congress. Other volumes, including mathe matical, physical and chemical data, followed in 1959, 1969 and 1974 . Kathleen Lonsdale was always optimistic and incredibly active in relation to each new edition. She insisted, on one occasion, on having many more copies printed than the Executive Committee had cautiously voted; she then undertook to sell the entire edition by personal letter propaganda. She was a strong believer in personal initiative-and was certainly, in this case, justified by the number of reprintings subsequently required.
One story, provided by Dr Norman Henry (who took over from her in 1963), illustrates her character. At the 1948 General Assembly of the Union Kathleen Lonsdale was secretary of a working group that met in the evening and continued till nearly midnight. Next morning each of the half dozen members found on his breakfast plate a copy of the lengthy minutes, each written in ink in her own hand.
Some may feel Kathleen Lonsdale's work on the tables hampered her own achievements in research. It is difficult to judge. Her work has helped so many others to success and her own researches are, in spite of lost time, so considerable, and so permeated by her knowledge of symmetry.
The structure of hexamethylbenzene and other simple aromatic compounds
proving the planarity of the benzene nucleus It was W. H. Bragg's plan in 1922 that his research students should work on the structure of organic crystals. The problems posed by these structures were, however, very different from those of the inorganic salts and metals studied earlier. To use the space group description of the situation just introduced, the atoms usually occupied general equivalent positions: only occasionally could either these positions or the symmetry of the molecules be derived directly from measurements of the unit cell size and the space group data tabulated by Astbury and Yardley. One exceptional case was found, hexamethylene tetramine, solved in 1923, in which the atomic positions and molecular symmetry were closely limited by space group considerations. In most others, the solution had to be reached by a process of guesswork and trial and error calculations with only very limited information on atomic sizes and scattering factors to guide the guessing. Not surprisingly, many mistakes were made and wrong structures described. Kathleen Lonsdale was sad that her own first 'structure', published in 1924, succinic acid, was one of these-she thought the molecule had a plane of symmetry. She became more cautious in the following years, as she examined a number of different aliphatic compounds, and so was able correctly to define the molecular symmetry in various simple compounds, such as hydrogen substitution products of ethane. In 1928 she achieved her first major success in structure analysis, the solution of the crystal structure of hexamethylbenzene, the first structure of an aromatic compound to be defined by X-ray diffraction.
The paper Kathleen Lonsdale wrote on hexamethylbenzene (1929) is still an excellent one for any student to read who wishes to follow from the beginning the processes of X-ray analysis. The crystals were triclinic plates and contained a single formula weight of hexamethylbenzene in the unit cell. Kathleen Lonsdale recognized first that the regular fall-off of intensities from the main crystal plane (001) implied a planar arrangement of all the carbon atoms in the molecule. She compared the actual measured intensities with values Bernal had obtained from the cleavage plane of graphite and with Ponte's scattering curve for carbon; it was clear her values correlated well with the graphite data. She next observed the pseudo-hexagonal character of the 0 reflexions; the existence of three very strong reflections confined the positions of all the atoms to the vertices of two concentric hexagons. The dimensions of the hexagons were narrowed by a limited number of trial structure factor calculations. So the molecule emerged as a compact unit, separated by comparatively large distances from other molecules, and within which the benzene ring existed as a regular planar hexagon. Her intensity measurements, made with an ionization spec trometer, were accurate, but limited. She suspected that the departure of the crystal symmetry from hexagonal was due to packing effects involving the hydro gen atoms and made a gallant attempt to narrow down their positions; much later, Brockway and Robertson confirmed and refined her conclusions.
Kathleen Lonsdale preserved the letter Sir William Bragg wrote to her, on 30 October 1928, in which he said: 'I think your new result is perfectly delightful: many compliments upon it! I like to see the benzene ring "emerging". . . . I have been showing what you have written to Muller and Cox and Sir Robert Robertson and there was great interest. I will write again about it before long.' It is hard to remember now the conflicting evidence about the planarity of aromatic molecules which existed at that time, to some of which Bragg had himself contributed. It was summarized in detail by Kathleen Lonsdale in a paper she wrote, adding her own results, for the Faraday Society discussion in 1929.1 remember myself coming across this paper, when I was an undergraduate in Oxford in 1930, and the marvelling pleasure with which I read her very definite conclusions and incorporated them into the essay I was writing.
In her next structure analysis, that of hexachlorobenzene, Kathleen attacked a more difficult problem. Again, she was able to show that the molecule, as a whole, was essentially planar, though her measurements defined the parameters in two dimensions only. For the first time, for an organic molecule, she deter mined these parameters by Fourier analysis through the calculation of an electron density projection (compare plate lb). She did the calculations by hand, at home, using log tables. She was rather worried by the triangular appearance of the carbon atom in her electron density map, but she correctly deduced that the effect was probably due to the limited data she had employed. By this time she had returned to London and so had Professor Ingold; she sent a copy of the paper to him at University College. He replied: 'Ever so many thanks for your wonderful paper on hexachlorobenzene. . . . The calculations must have been dreadful but one paper like this brings more certainty into organic chemistry than generations of activity by us professionals. ' The crystal structures of both hexamethyl and hexachlorobenzene indicated that three of the valency bonds of aromatic carbon atoms were directed at 120° to one another in the plane of the ring. Kathleen Lonsdale discussed in some detail the problem of the fourth carbon valency bond, and commented on evidence from optical anisotropy (Ramanathan) that it might be directed normal to the plane of the rings (1929).
Magnetic anisotropy of crystals and , particularly of aromatic compounds
Other crystallographers at the Royal Institution, and particularly J. M. Robertson and E. G. Cox, rapidly took up the X-ray analysis of aromatic compounds. When Kathleen returned to the laboratory in 1934, after the birth of her third child, there was no X-ray apparatus to spare. But there was a huge old electromagnet and it was suggested that she might be interested in using it. She was very much interested, having recently read papers of K. S. Krishnan on the diamagnetic anistropy of aromatic molecules and crystals. She first measured accurately the diamagnetic anisotropy of a large crystal of resorcinol which was currently being analysed by J. M. Robertson and, with values of the principal molecular susceptibilities of the molecule estimated from Krishnan's work on benzene, she calculated the orientation of resorcinol molecules in the crystal. The agreement between her results and Robertson's was very good and encouraged the further use of measurements of optical and magnetic anisotropy [Fatting /)<2^e 458] Plate as an aid in structure analysis. Krishnan and Kathleen Lonsdale at this point joined forces to write a comprehensive paper on their work, classifying the formal relations between molecular and crystal anisotropy for the different crystal systems. They illustrated their paper with new measurements on many other aromatic systems. Where the crystal structures were known, their observations led to very accurate values of the individual molecular susceptibilities.
The fact that for all aromatic systems the measured molecular susceptibility was much greater normal to, than parallel with, the ring plane could be quali tatively explained as due to the movement of the electrons within the orbits of the ring atoms. More accurate measurements encouraged more serious theoretical treatment of aromatic character, first by Pauling and then by London. Kathleen Lonsdale herself, following Hiickel's theory, showed that it was pos sible to calculate radii of orbits for the n electrons by applying the classical Larmor-Langevin formula to the difference between the molecular susceptibil ities normal and parallel to the ring planes. The values she found varied from 1.46 A for benzene to 1.86 A for pyrene, 5.3 A for the inner nucleus of phthalocyanineand 7.8 A for graphite at room temperatures. They correspond in general to areas a little larger than the area that might be calculated from X-ray data. The calculations on aromatic molecules were followed by measurements and calculations on a variety of other molecules, for example, aliphatic long chain molecules, oxalic acid dihydrate, urea and urea nitrate and ice. In cyanuric triazide the magnetic aniotropy was found to be considerably less than in ben zene, though still large, suggesting some degree of localization of the double bonds. In urea and oxalic acid the anisotropy was found to be smaller still, in ice practically unmeasurable; the largest positive result was: X a-X c = 0.06 x 10-6. In all cases the values found indicated that the aniso tropy was a property of the molecules present, not of the hydrogen bonds between them or of their relative arrangement.
At this period Kathleen occupied Faraday's old room in the Royal Institution. She read many of his notebooks and liked to think that she followed his way of work. 
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serious X-ray analysis of benzil in the late 1930s, she both enlisted Kathleen Lonsdale's help in measuring their magnetic anisotropy and took Laue photo graphs to check their symmetry (1938, 1939) . Kathleen was fascinated by the beautiful pattern of diffuse reflections which accompanied the strong Laue reflections (plate II, a, b). She looked through all the X-ray photographs she could see that had been taken at the Royal Institution and observed many other examples of diffuse reflections, particularly on photographs of diamond, sodium and sodium chloride. She also surveyed the literature and found that diffuse reflections from sylvine, potassium chloride, had been seen as early as 1913 by Friedrich and carefully re-examined by Laval in 1938-39. They had been explained in general terms as being due to X-ray interference effects from atoms displaced by thermal motions by Faxen (1923) and Waller (1925) . Kathleen Lonsdale encouraged Jahn, then working for a time at the Royal Institution, to examine the shape and intensities of the diffuse reflexions to be expected from the Faxen-Wallen theory for cubic crystals. She showed that the inten sities measured by Laval for diffuse reflexions surrounding the (002) and (004) reflexions in sylvine agreed quantitatively with the theory. (Laval himself was in prison in Germany at this time. He was surprised when he came out at the end of the war to find his work well known and an appointment waiting for him.)
So began an interest in the thermal movement of atoms in crystals which was to last the rest of her life. It plunged her, in the 1940s, immediately into con troversy (which she rather enjoyed). A number of research groups almost simultaneously made observations, both practical and theoretical, on diffuse scattering and several distinct phenomena were recognized. Among these groups were the Indian research workers, and particularly Sir C. V. Raman and P. Nilakantan, who in 1940 had published X-ray photographs of some remarkable diffuse reflexions from a diamond crystal. Raman's view was that the incident X-rays excited a particularly characteristic vibration in all the unit cells, the 1332 cm-1 line earlier observed by Sir Robert Robertson, which was responsible for a periodic movement of atoms in the crystal and emission of X-ray reflexions of changed frequency. Max Born and others were very critical of Raman's theory on quantitative grounds; the effects would be too small to account for the observations, which they viewed as, in any case, reasonably explicable by the existing theory of thermal vibrations.
Kathleen Lonsdale, with I. E. Knaggs and H. Smith, undertook an extensive examination of the experimental conditions under which diffuse reflexions occurred, the crystal setting, types of photograph and radiation, changes of temperature and varieties of crystal-including potassium chloride, benzil, a-resorcinol, urea oxalate, urea nitrate, sorbic acid, hexamethyl benzene, sodium nitrate and diamond. With H. Smith she developed a simple method of making measurements at low temperatures, enclosing the crystals in fine cellophane tubes and bathing them in liquid nitrogen or liquid air. It was clear that different crystals presented different problems and sometimes different phenomena, structure rather than temperature sensitive. (Characteristically, Kathleen used her observations on sorbic acid in its structure analysis, carried out with J. M. Robertson. The photographs showed narrow diffuse streaks along reciprocal lattice rows, normal to the chain axis of the molecule and broad diffuse spots at right angles to them, which helped to orient the molecules in the crystal.)
The extra reflexions from diamonds were among those whichp resented peculiar, individual problems. These Kathleen Lonsdale realized through her acquaintance with Sir Robert Robertson, who with Martin and Fox had classified diamonds as belonging to two types, I and II (see Obituary notices 1949, p. 554). Diamonds of type I were common, usually anisotropic, showing signs of strain; diamonds of type II were much more nearly isotropic, both to infrared and ultraviolet radiation; both gave the characteristic Raman line of frequency, 1332 cm-1. Lonsdale & Smith (1941) found that both types of diamond showed diffuse spots which had all the characteristics required by the Faxen-Waller theories; they were temperature sensitive and not very strong, presumably because diamond has a high Debye characteristic temperature. Type I diamonds only, and these to varying degrees, showed in addition secondary diffraction effects which were comparatively sharp and very little, if at all, temperature sensitive; the most pronounced effect, six 'horns' extending in reciprocal space from the (111) reflections, appeared in different photographs as groups of two or three small spots accompanying the Bragg reflection (plate II c, d). These corresponded with the spots observed by Raman and Nilakantan. None of the theories then put forward was capable of accounting for details of their occurrence, and particularly the fact that the (220) and (113) reflexions were surrounded by four, not six, diffuse horns. Kathleen Lonsdale concluded that these reflections must be due to some imperfection in the crystal lattice, cubic in symmetry but varying from diamond to diamond. Recent work suggests the effect may be due to nitrogen atoms segregating in small platelets in particular diamonds The very comprehensive studies of the literature on X-ray scattering and crystal dynamics which Kathleen Lonsdale undertook in 1942 and 1943 for the Physical Society indicated many directions for further research. She, herself, was interested first in extending quantitative measurements of both diffuse and Bragg scattering, and then in the derivation of exact parameters defining atomic movements. In 1947, during her first visit to the United States, she was able to use an early commercial model of a Geiger counter spectrometer. With this she compared the intensities of the thermal diffuse scattering and Bragg scattering from crystals of urea and oxalic acid dihydrate before and after immersion in liquid air. She found that the thermal diffuse scattering was independent of crystal perfection and that the ratio of thermal to Bragg scattering increased rapidly with angle of scattering when measured for equivalent groups of thermal waves. The intensity of the diffuse reflexions was, however, too small to measure with precision on the instrument as it then existed. She turned (1948) to a direct comparison between the root mean square amplitudes of atomic vibration in different cubic crystals which could be derived from specific heats, the variation of the intensities of the Bragg reflections with temperature and also directly from the elastic constants of the crystals by Jahn's formula. The relative atomic displacements were clearly different in different directions in the crystals and permitted interesting correlations with the type of atomic arrangement present. Thus in metal crystals, whether body centred or face centred cubic, little difference appeared in the amplitudes of pure longitudinal waves travelling along cube edge, face diagonals or cube diagonals. There were very large differences in transverse waves, however, particularly in sodium, and these could be correlated with the existence of continuous diffuse scattering streaks along the corresponding diagonal directions in reciprocal space. For the rock salt type of structure the slowest transverse waves are those along the cube edges. 'In other words,' she observed, 'it is difficult for ions of opposite sign to vary their distances along their lines of closest approach. ' As electronic computers came in after the war, crystallographers everywhere began to assign anisotropic thermal parameters to the atoms they placed in crystals from the measured intensities of the Bragg reflexions; the first example appeared in 1941 in the X-ray analysis of melamine by E. W. Hughes. Kathleen Lonsdale was deeply involved in these developments, but also extremely critical. In a paper with Milledge & Rao (1959) she commented 'values of intramolecular vibrations calculated from unreliable data will be the dustbins for many of the errors of observation'. She advocated increased accuracy of intensity measure ment, preferably at two or three temperatures, followed by full refinement of the structures, a critical examination of the vibration parameters derived to test whether they were physically reasonable and their comparison with other physical data, coefficients of expansion of the crystals, for example, spectroscopic measurements or diffuse X-ray scattering. With her research students she made serious studies of several crystal structures at different temperatures, urea, di-p-xylylene and anthraquinone. She also examined critically the conclusions of many other authors. So she observed that the thermal parameters derived for the atoms in anthracene from two different investigations were incompatible with one another; a scaling error in one data set was found to be responsible for the discrepancy. A good example of her approach is provided by her evaluation of the very accurate data given by Degeilh and Marsh on diketopiperazine. She showed that the principal rigid body translations of the molecule are along the directions towards neighbouring chains of molecules, of amplitude 0.13 -0.14 A, and the rigid body libration about the normal to the molecule was very small. There were large out of plane librational movements and some evidence of independent vibrational movements of the oxygen and C l carbon atom. She commented: 'The vibration pattern that emerges is one in which the chains of molecules extended along (101) and linked by hydrogen bonds are behaving like a bundle of sinuous, and sometimes elastic, ribbons. The easy movements are those by which the atoms move out of the plane of the ribbon, either by a transitional or librational movement of the molecule as a whole. ' It must be admitted that few crystallographers today follow Kathleen Lons dale's counsels of perfection in structure analysis in the organic field. She would, however, have been delighted with many recent developments in the study of lattice dynamics. She left an unfinished manuscript of a book on the thermal expansion of crystals on which she had been working just before her death.
Divergent beam X-ray photography
Kathleen Lonsdale came across descriptions of experiments with divergent X-ray beams, and particularly those of Kossel, when she was preparing the reports for the Physical Society on X-ray scattering and crystal dynamics in 1943. Since Dr Muller at the Royal Institution had a suitable powerful X-ray tube, she immediately tried experiments on diamonds and other crystals (1947). With very short exposures of between 3 s and 1 h and crystal plates 1-2 mm thick, it was possible to obtain good photographs. These characteristically show, against a dark background, a pattern of white and dark lines (conics if the receiving film is planar). The white lines are deficiency lines marking places where the primary X-ray beam intensity has been reduced by reflexion, the dark lines are produced by multiple reflexion in layers of the crystal near the film or plate. The geometry of the patterns is striking and shows very well the symmetry of the crystals. The relative positions of the lines are directly related to the lattice constants, which makes it possible to calculate from very simple measurements highly accurate lattice dimensions. But the appearance of the patterns is strongly dependent on the state of the crystal. No pattern at all is seen if the crystals are either too nearly perfect or too completely imperfect.
The extensive survey carried out showed that, unexpectedly, many organic crystals were highly perfect and gave no Kossel lines. Often, however, a pattern could be obtained after the crystals had been dipped into liquid air (Brill et al. in 1939, had found this method effective for hexamethylene tetramine). Two out of five oxalic acid crystals gave, initially, no pattern but the pattern was found after liquid air treatment of the crystal. In general, type I diamonds gave poor patterns, characteristic of perfect crystals, showing very sharp lines with much less contrast than type II diamonds, which all gave excellent divergent beam photographs. However, no amount of dipping into liquid air was capable of changing a type I diamond into a type II diamond. Although the divergent beam photographs were excellent for distinguishing crystals of different tex tures, it proved very difficult to use them for estimating the extinction parameters of the intensity relations (plate He).
The precise lattice constant measurements made on different diamonds suggested that there were differences between them outside the limits (very small) of experimental error. Some of these are recorded below: It appeared that the carbon-carbon distance in diamond was 1.54451 A with a variation of up to 0.00014 A in different diamonds. The mean value agreed well with that from other sources e.g. from powder data, Riley gives : a = 3559.7 X; C-C = 1.5445 A.
The study of synthetic d i a m o n d s , of the diamond-graphite tr and boron nitrides
In the late nineteenth century a number of attempts had been made by Moissan, Parsons, Hannay and others to obtain synthetic diamonds by the application of high pressures and temperatures to graphite or carbon-containing compounds in metal tubes-methods suggested by the discovery of small diamonds in meteorites. Only Hannay's specimens survived in the British Museum. Dr Bannister and Kathleen Lonsdale examined some of these in 1943 and confirmed that they were genuine diamonds; X-ray photographs showed that at least one was a type II diamond and others had the lamellar appearance of type II diamonds. Since type II diamonds appeared to be comparatively rare in nature and might be expected to be produced in synthesis, Kathleen Lonsdale, at first, was encouraged to believe Hannay's diamonds were genuinely synthetic; later, as she studied other and certainly synthetic diamonds, she became con vinced that Hannay's diamonds were, after all, natural fragments. Two type I diamonds were found among them.
The crystallographic transformations involved in changing graphite to diamond, or, in a related system, hexagonal boron nitride to cubic boron nitride, and vice versa, fascinated her. Nothing was simple. One would expect hexagonal graphite to change to a hexagonal, wurtzite type of 'diamond' and diamond to change to a rhombohedral form of graphite. In 1942 Lipson & Stokes found that rhombohedral graphite did occur in some graphites; it was natural, therefore, to look for hexagonal crystals in the synthetic diamonds obtained in Sweden by the Allmanna Svenska Elektriska Aktiebolaget, Vasteras (A.S.E.A.) in 1955 and a little later by the G. E. Research Laboratories, Schenectady, New York. Both industrial processes involved the application of high pressures and temperatures to carbon-containing materials likely to yield graphite initially. The first X-ray photographs taken of the G.E. crystals by Kathleen Lonsdale and Judith Milledge in 1957 showed reflexions characteristic of the diamond lattice accompanied by additional weak reflexions close to positions expected for hexagonal carbon. However, further careful study showed that the situation was much more complicated. The extra reflexions were due to very small crystals of nickel or nickel carbide (identified by X-ray absorption) about 5 x 10-4 cm in size. In a single diamond of radius about 0.015 cm, some twenty such crystals were present. These were precisely oriented, with the (111) plane of nickel parallel with that of diamond and presumably, therefore, with the (111) planes of rhombohedral graphite initially produced by pressure on hexagonal graphite; it seemed likely that the nickel had originally been present as molten drops, which then crystallized epitaxially within uniformly twinned diamond crystals. The Swedish crystals, however, did not contain nickel. They proved smaller, less perfect, usually single crystals. All appeared to be, as expected, type II diamonds.
The expected hexagonal, wurtzite-like form of carbon was later found both in nature, in some meteorites, in 1967, and synthetically in 1965 by shock loading well oriented graphite (Netherland patent, 1965) . As a newly identified, very rare, mineral, it was named 'lonsdaleite' in Kathleen Lonsdale's honour. One of her last papers, written from her home at Bexhill-on-Sea, discusses details of the transformation of single crystals of graphite to lonsdaleite-that the (0001) plane of graphite is converted to the (1010) plane of lonsdaleite. It is characteristically illustrated by careful drawings showing the course of the transformation.
Reactions in the solid state
The solid state reaction which Kathleen Lonsdale studied in most detail came to her laboratory by one of the usual accidents. A research student from Australia, J. F. Stephens, brought with him crystals of anthracene peroxide, of which he wished to find the crystal structure; the problem seemed attractive as a model for certain kinds of biological oxidations. However, almost the first X-ray photographs showed diffuse streaks, intensifying with time, evidence of an oriented transformation (plate II, f, g, h). Stephens would have given up the analysis and sought a more stable crystal, but to Kathleen the transformation was an added attraction. It proved quite complicated. The peroxide changes to a mixture of anthraquinone and anthrone, which crystallize with very similar unit cells. These form in twinned mixtures within each original single crystal of the peroxide, in a parallel orientation within its body; only the a axis is similar in length in the three different crystals. The pseudomorph, which is the end product of the reaction, has spaces within the crystal in which other pro ducts of the transformation, e.g. hydrogen, may be included. The whole course of the reaction could be followed by X-ray photography over a period of 200-400 hours. Initially single lines of molecules transform and these then break into units of the individual products. Kathleen Lonsdale encouraged her students to examine several other systems involving reactions in the solid state, particularly the rubrenes. She liked to see the thermal motion of the atoms in crystals as 'pathways to chemical change'.
She had earlier observed that overexposed Laue photographs of fresh crystals of many simple organic compounds showed diffuse reflexions which were due to static rather than dynamic disorder. These interested her in the problem of short range order in many crystals and the possible relation of this to reactivity, since reactions might be initiated along boundaries within the crystal body. She encouraged two of her students, A. M. Glazer and H. D. Flack, to make studies of series of solid solutions involving a miscibility gap. The particular series investigated were anthrone->anthraquinone, the end products of the earlier reaction, and the rather similar compounds phenazine->N-oxyphenazine. In both of these systems one of the two components ordinarily crystallizes in a statistically disordered form.
Methonium compounds
The research that Kathleen initiated on methonium compounds was like that on anthracene peroxide, partly a product of the feeling that grew as she became older that she would like to make some contribution to problems of medical or biological interest. The actual problem was suggested by Professor William Paton at a lecture given in 1954 to the Science Society at University College which was formed soon after she received the title of Professor. The pharmacological activity of the w-methonium compounds varied with chain length and so appeared to have a geometrical component; they were substitutes for curare, an optically active molecule in which the active sites were thought to be about 10 A apart. The two most active compounds, the hexa-and decamethonium bromides, were centro-symmetric in the crystalline state, with extended chains, which indicated that the N -N distance was not crucial for activity. She suggested that interactions along the whole chain in contact with the substrate might be the dominant factors. She saw the work as contributing to a general debate on the relevance of measurements on molecules condensed in crystals to the mechanism of biological processes which may take place in liquids. The researches she initiated have passed to other hands, in University College itself and in Bordeaux.
Studies on endemic bladder stones and other calculi
It was a visit in 1962 by Dr D. A. Andersen, F.R.C.S., chief medical officer of the Salvation Army, that first interested Kathleen Lonsdale in stones. He was a urologist, with considerable experience abroad, particularly in India, where he had made a large collection of stones. He came to consult her, as a crystallographer, on the best way of analysing the stones in his collection and of studying their formation. He had observed that they sometimes appeared in patients from quite narrowly defined geographical regions; they were also characteristically common among poor children from certain underdeveloped countries.
Kathleen Lonsdale undertook to study the stones with the help of a grant from the Medical Research Council; this supported a crystallographer, Dr June Sutor, and a technical assistant and provided a Guinier camera for rapid and accurate powder analysis. By 1969 the unit had surveyed over a thousand stones, including stones of historical interest preserved in museums and stones from many countries; by now the number is more than three thousand. Their composition is often complicated; about sixteen common constituents could be identified; often the epitaxial growth of one crystal relative to another was important in their development. At present the unit is concerned both with extending the collected evidence on stones formation and in day-to-day moni toring of stones obtained from patients in University College Hospital. It was Kathleen Lonsdale's hope that after the initial survey on stone constitution and growth they might find some inhibitor that would be generally useful in medicine. Just before her death she completed a popular account of this work.
Varieties of research
The outline of Kathleen Lonsdale's researches, described under her own headings, takes us over many subjects; it still leaves a very large fraction of her actual work unmentioned. There is a sense in which she appeared to own the whole of crystallography in her time. She was intensely practical-'You do the experiment-don't fuss about what theory says' was one of her dicta. So she could see how simply to extend the range of oscillation and rotation photo graphs by putting a cap on a cylindrical camera, or how to use an old X-ray tube with dirty radiation to identify crystals-such as the nickel crystals in diamonds. A very competent mathematician herself, she liked to apply mathematics in the simplest possible way in different experimental situations, spot shape corrections on Weissenberg photographs, different types of extinction correction, or sign relations in direct structure analysis. Each new theoretical or experimental advance in crystallography she examined critically, and usually added something of her own. Her detailed reviews with George Bacon of neutron diffraction led to rapid development of the new field. Her observations on the determination of absolute configuration by Laue photographs very soon after Bijvoet's discovery demonstrated the use of continuous radiation: the detailed form of the dispersion curve could be followed through the absorption edge and the Bijvoet effect strikingly verified. There are many of her contributions that defy classificationsmall, interesting comments on the symmetry of ice, with P. G. Owston, or the re-examination, with J. M. Bijvoet, of the state of ionization of lithium hydrideimpossible to define from available X-ray measurements. She used the scientific literature, and particularly Nature, to express many of her comments and criticisms and useful ideas. But there are many other of her interventions in scientific research that are unpublished, in the memories of all of us who knew and worked with her. One such, I should record, involved my own research. It was Kathleen Lonsdale who encouraged Sir Henry Dale to send to the Squibb Research Institute for sodium benzylpenicillin for my researches. And the first test of the X-ray microscope developed by W. L. Bragg and Charles Bunn was actually made at the Royal Institution by Kathleen Lonsdale herself to assist structure factor calculations for the penicillin crystals-a pilot operation which was later successfully extended in the actual X-ray analysis that defined the peni cillin structure.
She greatly enjoyed day-to-day work in the laboratory, making measurements herself, looking at crystals and photographs. As other calls on her time multiplied, she needed good hands to help her and she got them. With Henry Smith at the Royal Institution and Eric Nave at University College, the technicians who assisted her in many of her experiments, her relations were particularly close. She marked their contributions by sharing authorship with them on many papers on which they had worked with her and she wrote the obituary of Henry Smith for Nature.
On a lucky day for her, in 1949, a student, Judith Grenville-Wells, now Milledge, came from South Africa, wanting to work with her on diamonds for the Ph.D. degree. Gradually, Judith Milledge was drawn into collaboration in almost all her scientific work: she started by giving secretarial assistance on the International tables in return for free lodging with the Lonsdales, and remained as Kathleen's constant companion and collaborator, publishing many papers jointly with her and extending the work she left unfinished when she retired.
Crystallographic teaching at University College
In a review article in 1953, Kathleen Lonsdale wrote 'most crystallographers, including myself, are almost uneducated in their own field. Until this is remedied, I believe that our work will be pedestrian and our subject regarded simply as a highly specialized form of technology, instead of an important science with many technological applications'. At University College she could not set up the first degree course in crystallography which she advocated in this article. But she was concerned in the organization of two courses, one for undergraduates and another for graduates.
The first of these was a short, exceedingly intelligent course for students of chemistry at University College, which has proved highly successful. It involved five lectures and thirty hours' practical spread over, for each student, one whole week. Each year's intake of some fifty students was taken through the course in one term of eight weeks, i.e. four to eight students at a time. The demonstrators were usually Ph.D. students, one to every four students. The course took the students through the complete processes of structure analysis of a crystal, usually either hexamethylene tetramine or urea, from optical goniometry, powder and single crystal photography to electron density calculations. It still continues.
The second course was an M.Sc. course of lectures and practicals, mostly evening, on an inter-collegiate basis, leading to a written and practical examination in one or two years. It was established in collaboration with Professor J. D. Bernal at Birkbeck College. It was always strongly international, as indeed were both of their research laboratories. Among her students were men and women from Finland, Norway, Denmark, Switzerland, Spain, Portugal, Egypt, South Africa, Australia, India, Japan, Sardinia, Chile, U.S.A., Israel and Eire.
Kathleen's own university lectures were regarded by many of her students as difficult, even incomprehensible; she was a little impatient with those who could not follow her line of thought, forgetting, perhaps, that, though she might feel herself inadequately trained, her mathematical background was much more solid than that of most chemistry students. At the same time she would often spend a great deal of her own time guiding beginners through the critical stages of research; and her general lectures, on many occasions, were a joy to listen to, easy to follow and brightened by stories and illustrations. In addition to these honourable and professional obligations, there were others. As a result of her own prison experiences she was, in 1949, appointed a member of the Board of Visitors, Aylesbury Prison for Women and Borstal Institution for Girls, and later (1961) was Deputy Chairman of the Board of Visitors, Bullwood Hall Borstal Institution for Girls. Once a month, and sometimes oftener, this involved her in the serious discussion of prisoners' problems and prison organization; as she said in one of her letters to Lady Pitman, a fellow Visitor: 'The usual problems of broken homes, husbands or boyfriends in prison, babies in care, drugs or neurotic troubles.' Many prisoners came to think of her as a close friend.
Another major concern of hers was for peace, made more urgent by the drop ping of the atomic bombs in 1945. She joined the Atomic Scientists Association when it was first formed and became Vice-President. She was President of the British Section of the Women's International League for Peace and Freedom, founded in 1915 at the Hague. She was consulted by Dr Rotblat in the founding of the Pugwash movement and attended several Pugwash meetings. She was a member of the East-West Committee of the Society of Friends. She wrote many articles and pamphlets on the religious case against war and against military organization generally, suggesting possible ways of making peace. She wrote her Penguin Special Is peace possible ? in six weeks, doing nothing else at all at a time when she felt most pessimistic about the future.
In the last twenty-five years of her life she received many invitations to lecture and travel abroad and she listed all that she did carefully in her Record. I attach the list in an appendix, and add here a few stories about her journeys.
T ravels abroad
The visit she paid to Soviet Russia Kathleen Lonsdale visited a prison at her own request during her stay; it was situated not far from Moscow and consisted of temporary huts which housed 885 men and 15 women. She asked many very detailed questions about its organization and later wrote: 'Our woman interpreter was laughing as we came away and when I asked her why, she said that the prison governor had asked "How is it that such a nice lady knows so much about prisons ?" Irena knew how, but preferred to tell the governor his visitor was an important British prison official. ' Kathleen brought from Moscow a very detailed account of the difficulties Soviet scientists had experienced in obtaining visas from our Foreign Office to visit this country and permits from our authorities to buy apparatus and books. The whole sorry story of Soviet academic representation at the Glasgow University Quincentenary celebrations of 1951 is in her Royal Society files.
The first visit Kathleen Lonsdale paid to Spain in 1950 was directed towards bringing Spanish crystallographers into the International Union; she was invited through Dr Amoros who had worked with her earlier in London. She was particularly glad that it proved possible in 1956 to arrange a symposium of the International Union in Madrid, combined with a meeting of the Executive Committee, which brought both Bernal and Belov to Spain.
In 1955 she was able to visit the People's Republic of China for three weeks in August and September. She has left a small notebook of her journey with details of her visits to different laboratories, to a People's Court, and of talks she gave. There are notes of one conversation with Professor Huang-who long before had worked with Max Born-which seems sufficiently historically significant to record. One can infer her questions from her notes on his answers. 1 2 3 4 5 6
(1) China needs many scientists esp. research experimentalists (had theor. Y lack of apparatus. Now getting apparatus from U.S.S.R., Czech., East G.). Mechanics fully recognised-cannot properly understand behaviour of semi-conductors without it.
There was one story of China Kathleen Lonsdale liked to tell. Some of her colleagues in Manchuria asked her: 'How far behind the West are we in our technology?' A little cautiously, trying to be as kind as she could, she said: 'About twenty years.' They all laughed and said: 'Splendid, we have caught up ten years in one year. Professor Bernal was here last year and he told us we were thirty years behind. ' She brought back with her a list of some twelve crystallographers who wanted reprints of work from the West and she circulated this list to many laboratories.
She visited the United States often to see relatives and her many scientific friends, although usually in the early years there were long delays in granting her a visa. It was not only work on ferroelectric crystals that told against her. As one Embassy official put it: 'You've been to the three most difficult places, Russia, China and gaol.'
In 1969 she went to Marianske Lazne in Czechoslovakia for a very sensitive Pugwash meeting. She examined the remarkable collection of bladder stones in the museum there and read a paper on a subject on which she felt particularly strongly-the responsibilities of scientists from advanced countries towards developing nations. In this, she suggested strong measures for counteracting the brain drain: first, that the advanced nations should contribute towards, or bear the whole cost of, setting up centres of advanced research in developing countries, geared to the countries' needs, and second, that for every scientist or technologist who emigrates from a developing country, the advanced country receiving him should contribute financially, on an agreed scale, to building schools and colleges in the developing country-the exported brain should be paid for in coin that would contribute to its replacement.
In no country that she visited did she receive a more moving welcome than in Japan. She found when she arrived that so many flowers had been sent to her they filled every room in the small hotel in which she was staying. She discovered that it had been reported in the papers that she had gone to prison rather than work on the atomic bomb. This incorrect statement naturally worried her. She immediately had the report corrected saying that, of course, she would have gone to prison rather than work on the atomic bomb, but nobody had, in fact, asked her to do so. The result of this announcement was that more flowers came in than ever. They had to be stood in buckets all down the street.
Almost the last journey which Kathleen Lonsdale records was to Moscow for the meeting of the Assembly of the International Union of Crystallography in 1966. She had assisted at the founding meeting at the Royal Institution in 1946, presided over by W. L. Bragg, and she had attended the first meeting at Harvard in 1948-where she met Sir C. V. Raman again, with his pockets full of dia monds. The Union meetings became an integral part of her life; many crystallographers became her close friends and stayed with the Lonsdales when they came to England, including Professor von Laue. At the Moscow meeting, she assumed the Presidency of the Union when J. D. Bernal resigned on account of ill health. She was a tough president, who kept her committees working for long hours. She cared about correct procedure and did her best to ensure that the right things were done in the right way. Professor Belov, who succeeded her as president, was heard to remark as she dragged him away from a pleasant party at the British Embassy to yet another committee meeting: 'Kathleen, you are a martinet. ' So very efficient was her chairmanship at the final session of the Assembly that she actually brought it to an end an hour before the deadline. Everyone had an extra hour in which to enjoy conversations with friends.
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S c ience i n a c t io n
In one of her talks on religion Kathleen Lonsdale said: 'It is necessary to believe that in God's world there is always a right course of immediate action.' This action she sought and took and, as far as possible, encouraged others to take. She was very practical and very persuasive. On committees, or in the general lectures she gave, she would often put forward projects which seemed, at first sight, revolutionary and quite unacceptable; by the time she had finished speaking, the course she advocated appeared not only reasonable, but obvious. She encouraged the Royal Society to support the Pugwash movement, in which she interested Sir Howard Florey, and she helped to start the Young Scientists' section of the British Association ('Never refuse an opportunity to speak at schools' was one of the memorandum notes she left for herself. Michael Rossmann was one of the schoolboys who heard her and became a crystallographer as a consequence.)
There was one occasion she liked to describe as evidence that her words were effective-it cheered her to remember it in difficult times. She took part in 1950 in a conference on 'The biological hazards of atomic energy', called by the Institute of Biology and the Atomic Scientists' Association. Her paper is entitled 'The scientist's responsibility as a citizen'. It suddenly struck her, as she was writing it, that there must already be considerable experience of the biological effects of radiation from uranium miners and that the means to protect miners from radiation hazards must be known. She got Judith Milledge to try to discover from Government departments and mining companies what were the facts; they found no evidence of any safety regulations but grim accounts of radiation effects: in the Joachimstahl mines in Czechoslovakia, for example, over ten years, 53 per cent of all deaths were due to malignancies and 90 per cent of these were due to lung cancer. At the time of the meeting there was no comment on her paper, which recorded these observations, from the audience. Kathleen felt that she had let off a damp squib. Years later, however, a visitor came to the laboratory at University College to bring her news of the passing at the I.L.O. of a 'code of practice for radiation protection in the mining and milling of radioactive ores'. He had been at the 1950 meeting and had determined, as a direct result of her talk, to set machinery in action to control the exposure of workers to radiation.
Many of her lectures are clearly directed to practical ends. One cannot read them without a sense of compulsion to try to put her ideas into practice. None is more so than 'Science and the good life', her Presidential address to the British Association in which she expressed many of her serious purposes with her own characteristic wit ('Though some of you, knowing that I am a vegetarian and a teetotaller, may wonder what I know about the good life anyhow'). She spoke on a broad canvas about the many problems of industrial civilization and poor countries, of the vanishing loveliness of flowers in the countryside, of noise, drug taking, the Vietnam war (with references) and the manufacture and sale of arms, of the narrowness of a life devoted only to research, however, delightful, and the scientist's obligation to see that right choices were made in the use of science. One autobiographical reference she made may be remembered for the sake of women's liberation: 'My own research life has been greatly enriched by having been broken into by periods of enforced change. I was not idle while I had my three children; far from it. But it gave me the opportunity of standing back, as it were, and looking at my work. And I came back with new ideas.' I think she idealized the situation.
L ife a t h o m e
In appearance, Kathleen was short, with very fuzzy hair usually cut for her at home by Thomas. She had rather little time or money to spend on clothes, but she was fond of lovely things and liked to be nicely dressed for occasions; she made herself a small hat of a piece of lace, some coloured cardboard and ninepence worth of ribbons from a little wool shop near her home for her investiture at Buckingham Palace. And a strip of beautiful material, pinned inside her gown at Cardiff, substituted for the new dress she might have bought for the occasion of her first honorary degree. Angela Rosbaud, her secretary, teased her after one of her television appearances: 'You look such a sweet, gentle, elderly grand mother, but you are a fraud; you are really a very tough character.' Kathleen replied: 'Yes, I know it is a gimmick, but it is one I like. ' She was proud of being a grandmother, of her ten grandchildren. And she was very proud of her three children, of their successful academic careers, and marriages and lives. She liked to bring home small treasures for her grandchildren from her journeys abroad. Sir David Martin remembers how, during their visit to India, she stopped off with him to buy stamps for her grandchildren, and so made them both late for a speech of Nehru's. (The two of them had to make their way together through enormous crowds to their allotted places on the platform.) When her children were young, she set aside an hour every evening when she got home from the Royal Institution to read to them and later, when they were dispersed, she wrote long letters to them every week, whatever else she was doing. They would, of course, have liked to see much more of her.
Stephen Lonsdale still remembers the fortnight each summer that the family spent in Yorkshire as the brightest part of his childhood-their parents were with the children all day long.
In one of her writings about 'Women in science-why so few ?' Kathleen wrote her own prescription for success. It begins: 'For a woman, and especially a married woman with children, to become a first class scientist she must first of all choose, or have chosen, the right husband. He must recognize her problems and be willing to share them. If he is really domesticated, so much the better. Then she must be a good organiser and be pretty ruthless in keeping to her schedule, no matter if the heavens fall. She must be able to do with very little sleep, because her working week will be at least twice as long as the average trades unionist's. She must go against all her early training and not care if she is regarded as a little peculiar. She must be willing to accept additional responsi bility, even if she feels that she has more than enough. But above all, she must learn to concentrate in any available moment and not require ideal conditions in which to do so.' She was of, course, writing of herself, of her own experience.
So her marriage to Thomas Lonsdale was central to her life. Throughout most of it he was working at the Road Research Laboratory, rising to be a Principal Scientific Officer. He did not take part in many of Kathleen's scientific activities. At home he was the family bread-maker-from the time when they lived at Leeds, surrounded by homes where bread was baked, not bought. When young, they used to go on expeditions at the weekends, with Kathleen on the pillion of Thomas's motor cycle. When old, they were happy gardening. She grew camellias that were her pride and joy.
Thomas Lonsdale retired at the age of sixty, and from then on helped Kathleen with the enormous volume of correspondence concerned with peace and prisons that came for her from all over the world. They moved to Bexhill-on-Sea-5 hours' travelling a day for Kathleen, 'and worth it' she said in her record. But she was often extremely tired. All her life she had worked tremendously hard and could not stop. She would return home at 8.30 p.m. and Thomas would put her straight to bed, bringing her up a cooked supper and tea and cheese, a brown roll and yoghurt. She slept badly at night, waking at 4.30 a.m. and rising at 5.30 a.m. In hospital in the last weeks of her life, the nurses would often come in to call her and find her working in bed.
She had been ill for some time, when finally she was taken to hospital in December 1970. She was allowed briefly out of hospital to give away prizes at the High School for Girls, Hastings, and was told the same day that she had cancer. Angela Rosbaud recalls that in response to her anxious enquiries the next morning, all Kathleen said was 'I had a splendid day yesterday'.
After a brief visit home, celebrating Thomas Lonsdale's seventieth birthday, she died in hospital on 1 April 1971.
A meeting to remember her life was held at Friends' House, Euston Road, on 20 May 1971. It was, as her life was, very enjoyable. After it, Lady Pitman, the Chairman of the prison Visitors of Bullwood Hall, found herself between the prison Governor and an inmate and took them out to lunch together. Kathleen would have enjoyed that too.
Kathleen Lonsdale left very beautiful and characteristic notes of her life and work in her Personal Record for the Royal Society. The account given is taken largely from these notes, from autobiographical papers she wrote, published and unpublished, and from conversations with Thomas Lonsdale. To this basic material I have added information given by her three children, Jane Goodwin, Nancy Dawson and Stephen Lonsdale, by her sister, Jessie Spencer, and by many of her friends, particularly P. P. Ewald, Norman Henry, E. W. Hughes, David Martin, Judith Milledge, Beau Pitman, H. M. Powell and Angela Rosbaud.
The photograph was taken by Associated Press. 
